Background. -High-sensitivity cardiac troponin assays have improved the detection of acute coronary syndrome. Aim. -To examine the possible incremental value of copeptin in the detection of acute coronary syndrome.
with suspected acute coronary syndrome of < 6 hours' duration after onset of symptoms (exclusion of patients with ST-segment elevation myocardial infarction). Results. -Fifty-eight consecutive patients fulfilled our criteria and were included. After detailed investigations, the final adjudicated diagnosis was acute coronary syndrome in 30 patients (including acute myocardial infarction in 13 and unstable angina in 17) and nonacute coronary syndrome in 28 patients. Measured on admission, hs-cTnT concentration was > 14 ng/mL (99th percentile) in 22 patients with acute coronary syndrome; repetition of the measurement at 3 hours and 6 hours identified three and four additional patients, respectively. The combination of copeptin with hs-cTnT determined on admission identified 26 patients with acute coronary syndrome, with a negative predicted value of 82.6%. The area under the receiver operating characteristic curve was 0.90 for hs-cTnT measured on admission, and 0.94 if repeated at 3 hours and 6 hours or combined with copeptin measurement at admission (non-significant difference).
Conclusions. -This prospective study demonstrated that a dual marker strategy that combines hs-cTnT with copeptin increased slightly the detection of acute coronary syndrome at admission. © 2010 Elsevier Masson SAS. All rights reserved. 
MOTS CLÉS

Background
The management of patients with chest pain-related symptoms remains an important clinical challenge [1] . The adequate ruling out of ACS in patients with chest pain is crucial, as the erroneous discharge of a patient with ACS is associated with a high risk of cardiac events [2, 3] . Over the past decades, cTns have emerged as key biomarkers for patients with acute chest pain, and have undoubtedly improved the rate of detection of occult ACS [4] [5] [6] [7] . hs-cTn assays have been developed recently, enabling measurements of concentrations that are ∼10-fold lower than those previously measurable. Recent studies have confirmed the increased accuracy of these high-sensitivity assays compared with conventional assays in the early detection of AMI [8] [9] [10] . However, concerns have been raised about a possible specificity deficit with these new assays [11] [12] [13] .
In addition, a second measurement of hs-cTn may be warranted in order to increase the accuracy of the assay [8, 14] . Identification of the perfect biomarker remains an unmet need, and many researchers have advocated multimarker testing [15] .
The arginine-vasopressin system plays a crucial role in the regulation of the individual endogenous stress response [16] . Previous studies have demonstrated that copeptin (the c-terminal part of the vasopressin prohormone) is increased in AMI [17] [18] [19] . Moreover, copeptin measurement adds valuable information to conventional assays of cTn in the early detection of AMI, according to two recent studies [17, 19] . The possible merit of copeptin in addition to hs-cTn is unknown. This study examined the diagnostic accuracy of serial measurements of hs-cTn (at 0, 3 and 6 hours after admission) and of the combination of copeptin with hs-cTn measured on admission, in the detection of ACS.
Study population and methods
Between June and November 2009, we enrolled consecutive patients who were admitted to the Department of Cardiology of Cochin Hospital (Paris, France) for suspected recent ACS, defined as chest pain of ≤ 6 hours' duration since onset, suggestive of myocardial ischaemia, and lasting > 5 minutes at rest or upon minimal exertion. Patients presenting after a cardiac arrest or with ST-segment elevation myocardial infarction were excluded from the study.
This study was approved by the ethics committee of Cochin Hospital and all patients granted their written informed consent to participate.
Clinical assessment and investigations
Upon admission to the hospital, all patients underwent a detailed clinical evaluation, including medical history, 18lead ECG, continuous bedside ECG monitoring, screening blood tests and chest X-ray. Decisions to obtain an echocardiogram or coronary angiograms were left to the discretion of the primary physicians. Analysis of cTn was done using a conventional cTnI assay for routine assessment of patients and an hs-cTnT assay for research purposes.
Conventional cardiac troponin I assay
Measurement of cTnI was done using an Xpand ® HM analyser (Siemens Healthcare Diagnostics Inc., Newark, NJ, USA). The 99th percentile is achieved at 0.07 g/L with a CV between 15 and 22%; a CV ≤ 10% between measurements is achieved at 0.14 g/L.
High-sensitivity cardiac troponin T assay
Hs-cTnT (Roche Diagnostic, Meylan, France) was measured in heparinized samples collected on admission, and at 3 and 6 hours. The assay was performed on an Elecsys ® 2010 analyser using an electrochemiluminescence immunoassay. The analytical performances of this assay have been previously reported; the 99th percentile with a CV < 10% is achieved at 14 ng/L [11] . In our laboratory, the CV was found to be < 4% (3.6% at 27.5 ng/L and 2.8% at 2.36 ng/L).
Copeptin measurements
Copeptin was measured in heparinized samples collected on admission. The assay was performed on a Kryptor ® analyser using the commercial sandwich immunoluminometric assay (Brahms Copeptin Kryptor, Brahms Aktiengesellschaft, Hennigsdorf, Germany). The assay principle lies in Time-Resolved Amplified Cryptate Emission (TRACE) technology. The lower detection limit is 4.8 pmol/L and the functional assay sensitivity (< 20% interassay CV) is < 12 pmol/L. The limit of quantification is 14.1 pmol/L (data from manufacturer). In our laboratory, the CV was found to be < 5% (4.4% at 28.86 pmol/L and 4.6% at 95.84 pmol/L).
Adjudication of the final diagnosis
Two independent cardiologists adjudicated the final diagnosis based on all medical charts; disagreements were settled by consensus. ACS was defined as AMI or unstable angina. AMI was diagnosed when there was evidence of myocardial necrosis in association with clinical signs of myocardial ischaemia. Necrosis was diagnosed on the basis of a rising or falling pattern of cTnI concentration (conventional assay), with at least one value above the 99th percentile, at a level of imprecision of < 10% [7, 20] . Unstable angina was diagnosed in the presence of: clinical manifestations suggestive of myocardial ischaemia, without evidence for myocardial necrosis; an ECG indicative of ongoing ischaemia or a > 70% stenosis of an epicardial coronary artery on coronary angiography (> 50% of the left main trunk); and the absence of an alternative diagnosis.
A non-ACS was defined in the presence of a cardiac but non-coronary diagnosis, non-cardiac origin or when the diagnosis remained unknown despite careful investigations.
Statistical analysis
The data are expressed as means ± standard deviations for continuous variables, and numbers and percentages for categorical variables. As cTn and copeptin measurements may not have a normal distribution, they are reported as medians [25th-75th percentile]. Continuous variables were compared using Student's t test for normally distributed variables and the non-parametric Mann-Whitney test for non-normally distributed variables. Categorical variables were compared using the Chi 2 test or Fisher's exact test, as appropriate. ROC curves were generated to assess sensitivity and specificity throughout the concentration ranges of hs-cTnT and copeptin, and to compare the ability of hs-cTnT alone and in combination with copeptin to diagnose ACS, compared as suggested by DeLong et al. [21] . A p value < 0.05 was considered significant. The STATA statistical software, version 10.1 (StataCorp LP, College Station, TX, USA) was used for all analyses.
Results
Baseline characteristics and diagnosis of acute coronary syndrome
Fifty-eight patients fulfilled our inclusion criteria during the study period; their characteristics are reported in Table 1 . The final adjudicated diagnosis was ACS in 30 patients, including 13 patients with AMI (non-ST-segment elevation myocardial infarction) and 17 patients with unstable angina; ACS was excluded in 28 patients. The diagnosis was based on complete medical charts that were available for all patients, including ECG record during chest pain in 33% of patients, echocardiography recorded on admission in 69% of patients, and coronary angiogram available data in 83% of patients. Patients with ACS as their final adjudicated diagnosis were older than those without ACS and had more frequent STsegment changes on ECG; other characteristics were similar in both groups (Table 1 ).
Copeptin and high-sensitivity cardiac troponin T measurements
Hs-cTnT measured on admission was increased in patients with ACS as their final adjudicated diagnosis compared Table 2 . The combination of copeptin and hs-cTnT measured on admission accurately identified 26 patients with ACS as their final adjudicated diagnosis, including 13/13 patients with AMI. Table 3 shows the sensitivity, specificity and predictive values of hs-cTnT, copeptin and their combination in the detection of ACS.
The accuracy of ACS diagnosis, ascertained by area under the ROC curve, was 0.90 [95% confidence interval 0.81-0.99] for hs-cTnT measured on admission, 0.94 [0.88-1.00] for hs-cTnT measured at 3 hours, 0.94 [0.88-1.00] for hs-cTnT measured at 6 hours, and 0.94 [0.88-1.00] for the combination of hs-cTnT and copeptin measured on admission (p = not significant vs Table 2 Characteristics of patients with acute myocardial infarction and no increase in copeptin concentration on admission. hs-cTnT measured on admission, for each comparison) ( Fig. 1 ).
Discussion
This prospective study examined the value of a dual marker strategy that combines a high-sensitivity assay of cTn (a sensitive maker of cardiac necrosis) and copeptin (a marker of endogenous stress) in patients with suspected ACS. Results were compared with a single strategy using hs-cTnT measured at admission, 3 hours and 6 hours. We observed that the combination of these markers ruled out ACS at presentation with a negative predictive value of 82.6%. In comparison, the negative predictive values of hs-cTnT measured on admission and after 3 hours were 76.5 and 83.9%, respectively. The accurate identification of ACS is challenging [3, 4] . Numerous studies have demonstrated the superiority of cTn over various other markers in the detection of AMI and overall ACS [5, 6, 22] . Despite the recent development of sensitive assays of cTn, enabling measurement of concentrations that are 10-fold lower than those previously measurable, duplicate measurements are advocated in order to increase the accuracy of the method [8, 14] . Indeed, the retrospective analysis of the PROTECT-TIMI-30 trial suggested increased detection of unstable angina when cTn measurement is repeated after 2 and 8 hours [14] , whereas Giannitsis et al. recommended hs-cTn measurement on admission and after 3 hours [8] . Our study is consistent with these studies, as the measurement of hs-cTnT 3 hours after admission resulted in the detection of 13% more patients. Such a diagnostic uncertainty after the first cTn measurement may have clinical and economic implications, and previous studies have estimated the additional cost to exceed one billion dollars annually in the USA [23, 24] .
As no marker has supplanted cTn, despite extensive research [22, [25] [26] [27] , many researchers have advocated multimarker testing [15] . The combination of cTn (a marker of cardiac necrosis) with markers of different origins and modes of release should theoretically add diagnostic information. Copeptin is the c-terminal part of the vasopressin prohormone, and is equimolar to vasopressin. The pathophysiology of copeptin secretion is therefore independent of cardiac cell necrosis and involves endocrine stress response. The accuracy of copeptin in the detection of AMI has been recently highlighted [17] [18] [19] . In these studies, the accuracy of copeptin alone was limited, but it added incremental value to the conventional cTn assay, and was even more valuable early after the onset of symptoms [17, 19] In our study, we observed that six patients with AMI as their final adjudicated diagnosis had low concentrations of copeptin < 14 pmol/L. The measuring method we used may account in part for the observed low sensitivity. Indeed, our method for measuring copeptin is not as analytically sensitive as that used in other studies [17, 19] . With the Lumitest ® method used by Reichlin et al. (which has been shown to have a lower detection limit [0.4 pmol/L] and a better precision for low concentrations [19] ), the time of analysis is more important (about 120 minutes vs 20 minutes for our method). Manufacturers should develop a more sensitive method of copeptin measurement, adapted to emergency practice, in order to secure copeptin's place in the list of AMI biomarkers [28] . In addition, most patients already had important elevation of cTn, questioning the validity of the reported delay from onset of chest pain to presentation, a factor known to be crucial with regard to copeptin concentration [19] . Lastly, only a few of these patients had diabetes, obesity or renal failure, factors that are associated with increased copeptin concentration [17, 19, 29] . The possible role of copeptin in the detection of unstable angina might be limited, according to Reichlin et al., as they observed a similar concentration of copeptin in patients with unstable angina and with non-cardiac cause of chest pain [19] . However, Keller et al. observed a slight improvement in the detection of ACS with copeptin in addition to cTn [17] . On the one hand, our results are concordant with the two studies cited above, as we observed no significant difference in c-statistics with the addition of copeptin to hs-cTnT. On the other hand, we also observed a slight improvement in the detection of ACS with the addition of copeptin, which is similar to the incremental value offered by repetition of the cTn measurement. This may have clinical implications, if confirmed in larger series, as it would result in earlier discharge of patients without ACS.
In this study, we examined the ability of our combination of markers to detect overall ACS. Given the large representation of unstable angina in our study and other studies, we assume that considering ACS, rather than AMI solely, is clinically relevant [30, 31] .
In this study, the ECG was recorded during chest pain in 33% of patients. In addition, echocardiography was recorded on admission in more than two-thirds of patients and angiograms were performed in > 80% of patients; we therefore assume that our adjudicated diagnoses were robust.
Limitations of our study
Our study is limited by the enrolment of a limited number of patients and by the inclusion of only one recruiting medical centre. The results, therefore, are preliminary and need to be confirmed and extended. In addition, our small sample size precluded any subgroup analysis. Although we enrolled patients admitted to the intensive care unit, we hypothesize that our results can be extrapolated to emergency departments, as long as the use of the assays is limited to patients presenting with suspected ACS based on a detailed clinical evaluation that includes ECG-a hypothesis to be confirmed in dedicated studies. As our study was observational, it did not measure the possible clinical effects of more accurate detection of ACS.
Conclusions
In conclusion, this prospective study demonstrated that a dual marker strategy that combined hs-cTnT with copeptin (both measured at admission), increased slightly the detection of ACS compared with the use of hs-cTnT alone, to a level similar to that achieved by repetition of hs-cTnT measurement; the ability of this strategy to enable earlier rule out of ACS needs to be assessed by further studies.
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